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Due to some natural and artificially factors, many engineering structures often bring 
people some discomfort because of their excessive deformation. Some damage may occur 
when structures suffered some extreme excitation like great earthquake. Therefore, 
techniques about structural damage detection and vibration control methods are two 
important tasks in civil engineering. However, these two aspects have always been studied 
separately in most previous researches. It is neither diseconomy nor inefficiency, in 
consideration of that they both require the use of sensors, data acquisitions and signal 
transmissions for real implementation; meanwhile, the optimal structural control strategy 
should also be established on the effective identification of structural time-vary parameters. 
In practice, it is often difficult to gain complete acceleration responses of a structural 
system because of structural complexity, plenty of DOFs and engineering economy in civil 
engineering construction.  
Based on the previously mentioned background, the main research works in this paper 
are as followings.  
(1) A time domain method based on EKF approach to detect the structural damage is 
proposed in this paper which contains three stages. In stage one, EKF approach is adopted 
for the recursive estimation of structural state and parametric vectors. Then, the time instant 
and possible locations of damage are detected by tracking the square errors of measured 
data with estimated values in stage two. In stage three, the exact location and magnitude of 
structural stiffness degradations are determined by dealing with the objective functions. 
The sensor optimal layout is fulfillment to satisfy stage one based on that there is at least 
one sensor displayed at the side of every possible damage element.  
(2) A technique is proposed for on-line integrate the structural damage detection and 
vibration control. First, on-line structural parametric identification and on-line detection of 
the time locations and magnitude of the structural damage in controlled structure using 
limited measurements of acceleration responses are investigated based on EKF, then the 
control force imposed at the structure is calculated based on the updated structure physical 
parameters and responses. Two different structural vibration control methods are 
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instantaneous optimal control scheme and a semi-active friction damper combined by a 
linear spring and a variable friction dampers are considered to reach the goal of the two 
different vibration control methods.  
 (3) An algorithm for on-line damage identification is proposed based on the 
sensitivities of structural responses with very limited measurements of structural responses. 
It is often impossible to achieve the sensor optimal layout because of the complexity of 
structure in civil engineering. The damage will be delayed detected, if there is no sensors 
at the side of damage element. So the sensitivity of structure acceleration responses with 
respect to both structural parameters and initial values of velocity and displacement in a 
small calculating time window is established when identifying the damage of the structure.  
Numerical simulations and experimental instance verify that these methods proposed 
in this paper all have good efficiency and stability.  
 
Key Word：  Partial Measurement of Acceleration Response; On-line Structural 
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